Background. The kinematics of a controlled functional task in female volleyball athletes may be an interesting area of study. Therefore, investigating if there are kinematic changes in a jump landing jump task among female athletes with low back pain (LBP) may help therapists and trainers better prevent and/or rehabilitate LBP in athletes. Objectives. The purpose of this study was to examine lumbopelvic and lower extremity kinematics in athletes with persistent LBP during a jumping task. Methods. A comparative cross sectional study conducted in a university research laboratory. Professional female volleyball players with (n = 20) and without (n = 18) LBP were recruited from the Iranian female volleyball league. To reduce heterogeneity, one particular subgroup of athletes with LBP were selected. Kinematic data including lumbar extension, hip flexion, rotation and adduction and knee flexion and abduction angles when the center of mass was at minimum height during a jump-landing-jump maneuver were collected using a Vicon motion analysis system and analysed using MATLAB software. Independent t-tests were used to compare mean values between the groups. Results. Athletes with LBP had significantly greater hip flexion (LBP: -73.62±11.06˚; Control: -62.88±7.03˚, p=0.016) and significantly less knee flexion (LBP: 77.06±7.27 ˚, Control: 81.62±4.70 ˚, p=0.029) at the lowest point of the jump than athletes without LBP. There were no other significant differences between the groups (p>0.05). Conclusion. A subgroup of female athletes with LBP display altered lower extremity kinematics during a jump task than athletes without LBP. This may have important implications for lower limb performance and injury.
INTRODUCTION
Low back pain (LBP) is a common condition that affects 10-15% percent of athletes (1), including non-contact sports such as volleyball (2) . There is little doubt that people with LBP move differently than pain-free individuals (3) . These changes can vary from complete avoidance of a movement to the redistribution of activities between or within muscles (4) . These changes may be observed as changes in recruitment pattern of motor units (5) and synergistic function of the muscles (6) . Although these changes might arise as an attempt to prevent further injury/pain in the short-term, their long-term persistence may predispose people to persistent LBP due to changes in loading patterns (3) . Previous studies suggest that these alterations remain even after remediation of symptoms (7) . Since changes in lumbo-pelvic movement can affect the lower extremity (8) , it is possible that alterations in lumbopelvic movement could negatively impact the lower extremity through changing loading patterns (9) .
Several studies have shown that movement kinematics in athletes with LBP is different from those without LBP while performing athletic tasks (3) . For example, specific subgroups of cyclists with persistent LBP ride their bicycle with more flexion in the lower lumbar spine (10) , runners with LBP display more in-phase coordination in the frontal plane (11) and tennis players with LBP display altered kinematics while serving (12) . On the other hand, several studies have reported that there are no kinematic changes in athletes with or without LBP (3), as there were no differences between the kinematics and kinetics of swing (13) as well as the crunch factor (14) in golfers with and without LBP. One explanation for these discrepancies in the present literature may be indicative of a need for classification of athletes with LBP (15) , where more homogeneous subgroups of athletes with persistent LBP are studied to avoid results being affected by the 'wash-out' effect. Most studies that have investigated the kinematics of functional movements in persons with LBP do not involve athletic activities and therefore cannot be easily transferred to athletes. To our knowledge no study has investigated the kinematics of a specific task in volleyball athletes.
The jump landing jump is frequently performed in volleyball players and several injuries may happen while performing it. Previous studies demonstrated that female athletes land differently from males (16, 17) and the rate of LBP in female athletes is higher (18) , such that investigating the kinematics of a controlled functional task in female volleyball athletes may be an interesting area of study. Therefore, investigating if there are kinematic changes in a jump landing jump task among female athletes with LBP may help therapists and trainers better prevent and/or rehabilitate LBP in athletes.
Purpose and Hypothesis.
To compare lumbar and lower extremity kinematics during a jumplanding-jump maneuver in athletes with persistent LBP and pain-free athletes. We hypothesized that kinematics of the lumbar spine and lower extremity would be different between female volleyball athletes with and without persistent LBP.
MATERIALS AND METHODS
Subjects. This cross-sectional study included 18 to 25 year-old female athletes with or without nonspecific LBP on Tehran's volleyball teams. A total of 20 athletes with LBP and 18 athletes with no history of LBP were recruited. Inclusion for those with LBP was limited to those who met the criteria for membership of the active extension subgroup (AE-LBP). As part of this, participants underwent a standard evaluation according to the O`Sullivan classification model for patients with CLBP by two therapists who completed a threeday workshop on the O`Sullivan classification. The reliability of the O`Sullivan classification system has already been approved (19, 20) . Overall inclusion criteria consisted of the following: at least three years of experience playing volleyball and at least three training sessions/week in volleyball, at least a three-month history of LBP, pain in the lumbar region increases with lumbar extension movements and decreases with lumbar flexion movements, lumbar range of motion was not being restricted due to pain or joint stiffness. People with the following conditions were excluded: history of Red Flags, Body Mass Index (BMI) ranges outside 18-25 kg/m 2 , athletes with a high risk of chronicity based on the StartBack questionnaire (21) , an Oswestry Disability Index score higher than 40%, a history of lumbo-pelvic surgery, spinal surgery or surgery of Anterior/Posterior Cruciate Ligaments (ACL/PCL) of the knee, any lower extremity or abdominal surgery in the last three months, pregnancy, menstruation, constant non-specific diffused pain, pain exacerbated while performing the jump-landing-jump maneuver and a pain intensity of above three on the Visual Analogue Scale (VAS) on the day of testing.
Preparation for Testing. After selecting subjects, the research methodology was introduced to subjects orally and in writing, informed consent form was obtained and demographic data were recorded. The study procedures and ethical considerations were approved by the research review board of University of Social Welfare and Rehabilitation Sciences. At the same session, participants were asked to warm up with 10 minutes of jogging and stretching exercises. Each athlete practiced the jump-landing-jump maneuver three times before the test and then the test was performed.
Tools. Pain intensity was measured using the VAS, which has established reliability and validity (22, 23) . In order to evaluate disability, the Persian version of the Oswestry Disability Index questionnaire was used (24) . To identify athletes at risk of chronicity, the Persian version of the STarT Back questionnaire was used (25) . A Vicon 6 camera motion capture system (Vicon MX, Oxford Metrics, UK) was used to collect kinematic data.
Jump-Landing-Jump Maneuver. This test was chosen because of considerable similarities to jumping in volleyball. A 40cm high stool was placed at a distance of 15cm from the place that the athletes were asked to land there. In the jumplanding-jump maneuver, subjects were asked to stand on a stool with their legs 30cm apart so that their toes touched the edge of the stool in front, with their feet in full contact with the stool. The subjects were asked to be ready to jump and whenever they were ready, slightly jump upwards, landing on the ground. To control the pre-landing jump, a rope was adjusted to 10 percent of the subject's height above the stool plate, such that athletes were asked to jump so that their heels did not exceed this height. Once the subject landed she had to re-jump and try to touch the ceiling with her fingers (26) . Subjects were asked to land after the implementation of the maneuver and not complete another jump. Each participant had a maximum of six jumps, with an interval of two minutes in between to have three proper efforts to be registered. A jump was admitted if the markers were all visible at the moment the center of mass was at the minimum height. In cases where more than 6 repetitions were needed, subjects were given a 15-minute break to avoid fatigue.
Data Recording. Before the run, according to the Plug-in-Gait marker set with minimal changes, 19 markers were attached on subjects' bony landmarks (27) . Retroreflective markers were placed on bony landmarks over the skin. A sampling frequency of 200 Hz was used in this study. The data were collected using Vicon Workstation software version 4.6. The landmarks used were the 2 nd metatarsal heads, lateral malleoli, calcanei lateral shanks, lateral femoral epicondyles, lateral thighs, anterior superior iliac spines, spinous processes of S2, L3, T12, C7 and the sternal notch. Motion analysis system was calibrated according to the manufacturer's instructions. Kinematic data were filtered with the help of a Butterworth fourth-order low-pass filter at a cut-off frequency of 10 Hz (28) . After a test run, raw data were extracted into Excel files and then imported into a MATLAB program, where coding for data analysis was conducted by a biomechanist. The lumbar extension, hip flexion, rotation and adduction and knee flexion and abduction angles when the center of mass was at its minimum height were extracted from recorded data. The lowest height of the vertical trajectory of the S2 marker was considered as the lowest height of the center of mass. This timepoint was selected because it assumed that this is the time which these variables may be in maximum values. To calculate some anthropometric data, static data were recorded. Checking the marker trajectories were done for 'breaks' or missing information that can occur as a result of marker occlusion using Vicon Workstation software version 4.6. The breaks were infrequent and less than 20 frames in length. To interpolate these missing data, standard procedures were utilized.
Anthropometric Data. Anthropometric variables in this study included height, mass, thigh length, leg length, static lumbar posture (lordosis), hip width, lower extremity length and knee width. A stadiometer (Seca, model 213, Hamburg, Germany) was used to measure height. Mass was measured using a force plate (Kistler, Winterthur, Switzerland). In order to measure other variables, 10 added markers were attached to lower extremity bony landmarks. Thereafter, subjects were asked to stand up straight and data were recorded for 10 seconds. Additional markers were added for this purpose over the following locations: right and left medial malleoli, tibial tuberosities, mid patellas, greater trochanters and medial femoral epicondyles. These markers were removed from the skin before performing the jump-landing-jump maneuver. Static lumbar posture, leg length, pelvic width, femur length, shank length, knee width and ankle width were extracted from the static data and used as basic characteristics of subjects in analysis of the dynamic data.
Statistical Analysis. Characteristics such as age, height, mass and other variables were analyzed using both descriptive and inferential statistics in SPSS version 19. The Shapiro-Wilk test was used for evaluating the distribution of the data. Presence of LBP was considered as an independent variable, while the kinematics variables were considered the dependent variables for statistical analyzes. To compare the mean of each variable between the two groups, Independent t-tests were used. To explore reliability, Intraclass Correlation Coefficients (ICC) were used. Statistical significance was set at α<5%. Table  1 shows the anthropometric characteristics of the subjects, with static lumbar posture being significantly more lordotic in the athletes with LBP (mean difference = 6.96º, p=0.033). All research variables had good to excellent reliability across three measurements in a single day (Table 2 ). Athletes with LBP displayed significantly less knee flexion (mean difference = 4.56º, p= 0.029) and significantly greater hip flexion (mean difference = 10.74º, p= 0.016) than the group without LBP at the lowest point of the jump-land-jump maneuver. There were no statistically significant differences between the other variables (Table 3) . 
RESULTS

DISCUSSION
Lumbar posture in a static standing position was significantly more lordotic among athletes with AE-LBP. In addition, there was a significant increase in hip flexion and decrease in knee flexion at the lowest height of the jump-landjump maneuver among athletes with AE-LBP.
Mean lordosis angle while standing in the group with AE-LBP was significantly higher than in those without LBP. It is noted that people with LBP who are in the subgroup of AE-LBP tend to hold their spine closer to end range extension. Some studies show that there is no significant difference between the lordosis angle of patients with and without LBP (29, 30) . This finding could be due to the lack of classification of the patients with LBP in these studies. Our results are consistent with Dankaerts et al. (2006) (31) who showed that when patients with LBP are generally compared with painfree subjects, significant difference are not observed between lumbar spine posture in sitting position. However, they demonstrated that when patients were classified according to the O`Sullivan approach, patients with AE-LBP demonstrated higher lumbar lordosis in the lower lumbar region (31). Mean hip flexion angle in athletes with AE-LBP was significantly different to the control group, as was the mean angle of knee flexion. The between-group in lumbar lordosis and hip flexion exceed the MDC values, suggesting the difference is greater than mere measurement error. These observed differences are also consistent with other studies that demonstrate significant differences in lumbar posture between patients with and without LBP (31, 32) . In contrast, the between-group difference for knee flexion angle was less than the relevant MDC, such that the clinical significance of this needs to be interpreted more cautiously.
Potential mechanism for the kinematic alterations observed. Increased angle of hip flexion and reduced angle of knee flexion can be explained by considering the interaction of these joints in the closed kinetic chain. Since the trunk, head and neck and upper extremity include more than 60% of body weight (33) , their position relative to other joints can change ground reaction forces, energy absorption and the forces acting on the joints (34) . In patients with AE-LBP, lordosis angle in standing and sitting positions is increased, the spinal extensor muscles are stiffened and this is accompanied by anterior pelvic tilt (35) . These changes in athletes with AE-LBP may affect the function of lower extremity in dynamic tasks by increasing hip flexion angle through an increase in anterior pelvic tilt.
The decreased knee flexion may be explained by the fact that the AE-LBP subgroup primarily use their spine for force generation rather than their legs. This is relevant since research has shown that reducing knee flexion angle on landing and jumping can increase the shear forces on the ACL and increases the probability of ACL injuries (36) . In athletes where landing and jumping involve shallow knee flexion, it seems that the loads exerted on the knee are absorbed for a shorter period of time and the risk of ACL injury may be increased (37) . Therefore, notwithstanding the cross-sectional nature of this study, the current results suggest that athletes with LBP may be placing their knees under greater strain during landing and jumping tasks, which has potentially important implications for their risk of knee injury.
Campbell et al previously observed significant differences in lower extremity kinematics between people with and without LBP during a tennis serve. They showed that players with LBP had earlier peak right knee extension velocity during the drive phase of the tennis serves (12) . pelvic region associated with LBP may be associated with motor control changes in the lower extremities.
Considering that the subjects with LBP in this study were selected from the subgroup of AE-LBP, it seems reasonable that the kinematic alterations of the lumbar spine and trunk would be most evident in activities which requires greater range of extension in spine, especially in high load activities. On the other hand, most studies showing significant differences between lumbopelvic kinematics in subjects with and without LBP have evaluated subjects in low load functional activities (3, 31, 38) . Since the jumplanding-jump was analyzed at a moment that the lumbar spine may be in flexion, it was possible that any alterations in kinematics would not be evident. However, a key characteristic of the AE-LBP group is an inability to relax during forward bending activities. Therefore, even though there is considerable flexion mobility available, the AE-LBP athletes tend to hold themselves in a more extended posture. This finding is consistent with Dankaerts et al (2009) who showed that lumbar flexion mobility is not significantly different between subjects with AE-LBP and healthy controls during forward bending, even though the AE-LBP group reach their maximum flexion much later while bending (32) . In other words, it is not that the AE-LBP group cannot flex their lumbar spine, but that they choose not to unless they are required to assume very flexed postures e.g. slump sitting, deep squatting.
Kinematics in the frontal and transverse planes were not significantly different between the two groups. According to the results of previous studies, it can be inferred that trunk motor control changes can affect lower extremity function in the frontal and transverse planes if activities require lateral or rotational movement of the trunk (39, 40) . Therefore, it seems reasonable that the impairments of these planes are more evident in these movements rather than the jump-landingjump maneuver which is a symmetrical task with loading on both extremities.
Reliability of data show that all variables have excellent to good reliability. The findings of a review article suggest that reliability of walking kinematic data for the angles of the hip flexion, knee flexion and hip adduction is good to excellent (41) . The results of this study are consistent in this regard with these studies. The higher reliability of our data for knee abduction angles and hip rotation may be due to the calculation of lower extremity length, thigh length, leg length, knee width, ankle width and hip width from the static data, whereas these data are calculated in most studies only as an estimation of the ratio of body height (41) .
Limitations. In this study, athletes without LBP were only compared with athletes with AE-LBP, and further comparison with other LBP populations is required. Given that various studies show that kinematics of jump-landing is different in men and women (16, 17) , these results cannot be generalized to men. The analysis was limited to a single task, and a single timepoint during that task, such that how these findings relate to other tasks and other timepoints is unclear. The crosssectional nature of the study prevents interpretation regarding any causal relationship between these findings and future injury, such that prospective studies are needed to clarify the issue. Furthermore, we acknowledge that we cannot be sure whether these changes are maladaptive, although there is some evidence to support this being the case (4, 15) , such that they might need to be addressed in planning rehabilitation programs. The severity of pain and disability in subjects with AE-LBP was low, suggesting differences might be even more pronounced in more disabled populations. In future studies, using electromyographic analysis of muscle activity may enhance understanding of the mechanisms involved in the control of movement. The good to excellent reliability of kinematic variables enhance the rigor and trustworthiness of the findings.
CONCLUSION
The results of this study showed that athletes with AE-LBP perform a jump-landing-jump maneuver differently to matched pain-free athletes. In particular, the athletes with AE-LBP showed lower knee flexion angles and higher hip flexion angles during the task. Therefore, modifications to jump-landing-jump technique in rehabilitation programs may be worth considering for these athletes. However, further studies of other athletic tasks in larger samples of different groups of athletes with LBP are required to build on this initial study. 
APPLICABLE REMARKS
 Mean hip flexion angle in athletes with AE-LBP was significantly different to the control group, as was the mean angle of knee flexion so it is recommended to flex knees more while jump-landing in the training sessions.
 Mean lordosis angle while standing in the group with AE-LBP was significantly higher than in those without LBP, so we recommend cognitive functional exercise therapy to realign the spine in more dynamic positions.
